Thirty crossbred wethers (60 kg avg initial wt) were used to study the time-dose response to dietary Se as sodium selenite (Na2SeO3). Sheep were fed a basal diet (.20 mg/kg Se, DM basis) for 10 d; three wethers were killed and tissues were collected for controls. The remaining 27 sheep were assigned randomly to diets supplemented with either 3, 6 or 9 mg/kg Se (as-fed basis) from reagent grade Na2SeO3 and fed for 10, 20 or 30 d. Feed offered was restricted to 1,200 g daily and tap water was available ad libitum. Sheep were stunned and killed by exsanguination and liver, kidney, muscle, heart and spleen were removed and frozen for Se analysis. No toxic effects were noted as expressed by feed intake or hemoglobin concentration. Added dietary Se increased Se linearly (P < .01) in liver, kidney, and serum. Selenium in liver, kidney and serum also increased (P < .01) as time advanced. Serum, liver and kidney were more sensitive to dietary Se than were muscle, heart and spleen. Ten days appeared to be an adequate length of time for further Se bioassay studies of this nature. Reagent grade Na2SeO 3 was nontoxic when fed to sheep for 30 d at levels up to 90 times the Se requirement.
of diets and mineral mixes, especially in the U.S., because Food and Drug Administration approval for oral Se supplementation in ruminants was not granted until 1979.
Selenium bioavailability studies generally have been conducted with nonruminant animals using diets that contained Se below the required level for the element (Combs and Combs, 1986) . Black et al. (1984) and Henry et al. (1987) reported that the linear nature of tissue uptake of Mn during short-term, high-level supplementation of the element in corn-soy diets for broilers enabled slope ratios to be used to estimate the relative bioavailability of inorganic Mn sources. Similar studies have been conducted with Se, and results indicated that tissue uptake also was a useful estimator of Se bioavailability in poultry (Echevarria et at., 1988) .
The following experiment was conducted to investigate the effects of time and high dietary Se concentrations as sodium selenite on tissue Se uptake by sheep to optimize a Se bioavailibility assay suitable for ruminants without creating problems with toxicosis.
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Experimental Procedure
Thirty commercial Rambouillet crossbred wethers averaging 60 kg initially were used. Prior to the experiment, sheep were group-fed a commercial corn-soybean meal diet at approximately 800 g/head daily and had ad libitum access to grass hay. The diets consisted of a basal corn-soybean meal-cottonseed hull diet (Table 1) supplemented with 3, 6 or 9 mg/kg Se (as-fed basis) from reagent grade Na2SeO 3 and formulated to meet nutrient requirements for growing sheep (NRC, 1985) with the exception of Se. The basal diet contained .20 mg/kg Se (DM basis) by analysis, and supplemental Se as sodium selenite was added at the expense of equivalent weights of corn starch. Sheep were housed in individual, raised pens with slatted floors and given free access to tap water; however, feed offered was restricted to 1,200 g (as-fed basis) daily for 10, 20 or 30 d.
During a 10-d adjustment period, all sheep were fed the unsupplemented basal diet. At the end of this pre-trial period, blood was obtained by jugular venipuncture from all animals and the serum was frozen for later Se analysis. Three sheep representing the unsupplemented control group were stunned with a captive bolt shot and killed by exsanguination. Liver, kidney, semitendinosus muscle, spleen and heart were removed and frozen for Se analysis. The remaining 27 sheep were assigned randomly to three diets containing 3, 6 or 9 mg/kg supplemental Se (as-fed basis) and three animals per treatment were stunned and killed at 10, 20 or 30 d. Serum and other tissues were removed and frozen as described previously.
Feed and tissue Se concentrations were determined by fluorometric method (Whetter and UUrey, 1978) and standard reference material, bovine liver-1577 from the National Bureau of Standards, was analyzed with all samples. Hemoglobin was determined by a cyanomethemoglobin method (Unopette 5857/5858) 6 and hematocrit was measured by a micro-hematocrit method.
Data were analyzed by analysis of variance using the GLM procedure of SAS (Freund and Littell, 1981) . A single degree of freedom was used for a contrast of control vs Se-supplemented treatments, whereas time and dietary Se were considered a 3 x 3 factorial arrangement. Multiple linear and simple linear regres-0 Becton-Dickinson, Rutherford, NJ. sions were calculated by least squares with SAS. Lambda criterion, calculated as the ratio of the slope of a regression equation to the standard deviation, provided an index of the relative power of various criteria for use in bioassays when a linear relationship exists between the concentration of added dietary element and the response variable.
Results and Discussion
Feed intake averaged 1,200 + 0, 1,187 + 10, 1,161 -+ 15 and 1,147 + 28 g daily for sheep fed 0, 3, 6 or 9 mg/kg Se and was not affected (P > .10) by dietary Se treatment or time (1,150 + 27, 1,177 + 14 and 1,169 + 14 g daily for 10, 20 and 30 d, respectively). Because feed intake was similar, dietary concentration of Se may be used in regression equations instead of calculating daily intake of the element. Results of the present study indicated no effect on feed intake in sheep fed up to 9 mg/kg Se for 30 d. Lopez et al. (1969) fed lambs up to 5 mg/kg Se as Na2 SeO3 for 97 d prior to dosing with radioselenium and reported no adverse effect of Se on feed intake orgain. When preruminant calves were fed Se as Na2SeO3 in milk replacer at .2, 1, 3, 5 and 10 mg/kg (in DM) for 42 d, daily feed intake ranged from .83 to .76 kg for calves fed .2 or 10 mg/kg, respectively, and was not different (Jenkins and Hidiroglou, 1986) . However, ADG was lower when 10 mg/kg was fed compared .with other dietary Se concentrations. There was no effect on feed intake or weight gain in swine fed 8.4 mg/kg Se as Na2SeO3 for 17 wk, but there was a numerical decline in intake and gain of swine fed 8.4 mg/kg Se from seleniferous wheat and oats for 6 wk (Goehring et al., 1984a) . In swine fed 0, 4, 8, 12, 16 or 20 mg/kg Se as Na2SeO3 for 5 wk, feed intake and gain of pigs fed 4 mg/kg Se were similar to that of controls, but greater dietary concentrations resulted in a linear decline in both criteria (Goehring et al., 1984b) .
Hemoglobin averaged 12.0 t .20 g/dl and was not affected (P > .10) by time or dietary Se concentration (data not shown). Hematocrit was greater (P < .01) in sheep fed the control diet than in those supplemented with Se and averaged 43.6 + 1.2, 36.5 + 1.5, 37.0 + 1.5 and 34.2 -+ 1.3% for 0, 3, 6 and 9 mg/kg added Se, respectively. Goehring et al. (1984b) reported no effect of Se on hemoglobin or hematocrit in swine fed up to 20 mg/kg as Na2 SeOa for 5 wk. However, the same researchers (1984a)reported decreased packed cell volume in rats fed Se as Na2SeO3 or seleniferous grains up to 8 mg/kg for 4 wk and swine fed 8.4 mg/kg Se as Na2 SeOa for 17 wk. Jenkins and Hidiroglou (1986) also reported decreased packed cell volumes in calves fed 10 mg/kg Se as Na2SeO 3 but not in those fed up to 5 mg/kg.
Liver Se increased (P < .01) from .85 to an average of 8.30 mg/kg Se as supplemental Se increased, and liver Se from sheep fed control diets was lower (P < .01) than that from sheep fed added Se (Table 2 ). Sheep fed for 30 d accumulated more (P < .01) Se in liver than those fed for 10 or 20 d. There was an interaction (P < .01) between dietary Se level and time, in which the incremental increase in liver Se concentration from feeding 3 or 6 mg/kg added Se increased with time. Slopes from linear regression equations of liver Se on dietary Se by time (Table 3) (Table 4) .
Kidney Se concentration increased (P < .01) from an average of 1.7 to 14.8 mg/kg as supplemental Se increased and also increased (P < .01) with length of feeding period (Table 2) . Sheep fed the control diet had lower (P < .01) kidney Se concentrations than those supplemented with Se. There was no Se x time interaction on kidney Se. Linear regression equations for kidney Se concentration on dietary Se by time (Table 3) had greater slopes than equations describing liver Se concentration. The coefficients of determination were the same at 10 or 30 d, but the lambda criterion was higher at 10 d. There was no Se level • time interaction, indicating that slopes were equal statistically. Multiple regression analysis resulted in an equation with a coefficient of determination of .97, indicating that 97% of the variation in kidney Se could be accounted for by the regression model (Table 4) .
Muscle Se increased (P < .01) from .27 mg/kg in the control to an average of .68 mg/kg for sheep fed diets with 9 mg/kg added Se (Table 2) , and also was lower (P < .01) for control vs supplemented sheep. Time had no effect (P > .10) on muscle Se, nor was there an interaction between factors. Linear regression of muscle Se on dietary Se by time (Table 3) resulted in slopes for 10 and 20 d that were lower (P < .05) than that for 30 d. Muscle was not very sensitive to dietary Se and, consequently, should be considered less useful as a bioassay criterion than liver or kidney Se concentration. Lambda criteria and coefficients of determination were higher at 30 d than at 10 or 20 d. The multiple linear regression model for muscle Se (Table 4 ) also provided an adequate fit to the model (R 2 = .87).
Heart Se increased (P < .01) from .92 mg/kg Se in sheep fed the control diet to an average of 1.65 mg/kg for sheep fed diets with 9 mg/kg added Se (Table 2 ) and was lower (P < .01) in control sheep than in those fed Se supplements. Heart Se concentration did n6t change (P > .10) with time. Linear regression of heart Se concentration on dietary Se (Table 3) resulted in slopes that were not different by time.
Spleen Se increased (P < .01) from 1.79 mg/kg in the control sheep to 3.11 mg/kg for sheep fed 9 mg/kg added Se (Table 2) but did not change with time (P > .10). Linear regression of spleen Se concentration on dietary Se by time (Table 3 ) resulted in slopes that were similar. Coefficients of determination and lambda criteria were higher at 20 d than at 10 or 30 d. The coefficients of determination for spleen at 10 or 30 d were the lowest of all tissues (R 2 = .66). The multiple linear regression equation (Table 4) provided the'poorest fit of all tissues (R a = .70).
Serum Se increased (P < .01) from .09 #g/ml in the unsupplemented controls to .25 /ag/ml for sheep fed 9 mg/kg added Se (Table 2 ) and the increase was linear (P < .001), as shown in Table 3 Results of the present study indicate that tissue Se concentration of sheep increases linearly with increasing dietary Se. Serum, kidney and liver were the tissues most sensitive to dietary Se, as indicated by the lambda criterion and the slope of the regression equation. Linear uptake of dietary Se by various body tissues has been reported in sheep (Moksnes and Norheim, 1983) , preruminant calves (Jenkins and Hidiroglou, 1986) , nonlactating dairy cows (Harrison and Conrad, 1984) and swine (Goehring et al., 1984a) . Liver and kidney have been reported previously to be particularly sensitive to dietary Se (Kincaid et al., 1977; Moksnes and Norheim, 1983; Jenkins and Hidiroglou, 1986) . Harrison and Conrad (1984) reported that Se absorption and retention in nonlactating dairy cows were highly linear with respect to daily Se intake over a range from 400 to 3,200 ~g Se/head (R 2 = .98 and .95, respectively). In the present experiment, daily Se intake ranged from 3,600 to 10,800 /ag/sheep. Lopez et al. (1969) reported that total absorption of ingested Se from the gastrointestinal tract of lambs was a direct function of Se intake, but endogenous secretion into the tract was constant and not related to dietary Se.
In liver and kidney, two of the tissues most sensitive to dietary Se, slopes for the equations concentration is not a measure of bioavailability by the literal definition of the word, which also includes measurement of usage in biological processes. However, Combs and Combs (1986) indicated that the tissue residue approach has been used to estimate Se bioavailability and that this approach correlated well with results from studies with glutathione peroxidase (GSHpx) activity and the severity of pathological signs of deficiency in some species. At the present time, GSHpx is the only animal enzyme that has been shown to be Se-dependent; however, the fact that between 9 and 23 other tissue selenoproteins exist suggests that there may be other important mammalian selenoenzymes in addition to GSHpx (Tappel, 1987) . Several selenoenzymes, including formate dehydrogenase, glycine reductase, nicotinic acid hydroxylase and xanthine dehydrogenase, have been identified in anaerobic microorganisms common in the ruminant' digestive tract (Combs and Combs, 1986) . It has further been suggested that Se in tissue proteins, such as that in the globin moiety of hemoglobin that is not Se-functional, may serve as Se reserves in the body (Combs and Combs, 1986) . Therefore, tissue Se deposition may be indicative of Se bioavailability. It appeared that feeding Se at 3 to 9 mg/kg for 10 d should result in sufficient tissue Se deposition to determine differences among sources during Se bioassay studies.
